Introduction
Health economics has risen to public prominence in recent years. It is now a well-established sub-speciality of economics, with its own academics, journals, national and international professional associations, conferences and educational programmes. Health economists also work as practitioners, embedded within ministries of health, health authorities, global agencies such as the World Health Organization (WHO), and industry.
However, the application of economics to guide public policy making in the field of health has not been without controversy. Recently, the editor of the medical journal The Lancet tweeted that economics 'may just be the biggest fraud ever perpetrated on the world' [1] arguing that the emphasis placed on markets and competition damages the values of universal health systems. Another controversial area has been the influence of health economics on the introduction of new technologies into publicly funded health services. For example, in England and Wales, the National Health Service is legally obliged to provide funding for medicines and treatments recommended by the National Institute for Health and Care Excellence (NICE; http://www.nice.org.uk/aboutnice (accessed 14 February 2014)). The judgement of NICE is based on the criterion of cost-effectiveness: the health gain of a new treatment relative to its cost. NICE's decisions not to recommend certain highcost cancer drugs have led to public and professional outcry [2] . In low-and middle-income countries, given extreme resource constraints and health needs, these challenges of prioritization are far greater, and cost-effectiveness has also been the recommended yardstick for determining intervention priorities though has not attracted the same degree of explicit opposition.
Some of this criticism rests on a misunderstanding or partial view of economics, and lack of appreciation of the diversity of views among economists themselves; other critics are reluctant to accept the pervasive problem of shortage of resources and the need to prioritize. But there is also a further criticism relevant to the developing world, that of the appropriateness of the literature, most originating in the rich world, to the circumstances of poorer countries.
This review draws on the author's more than 40 years of experience in research and policy advice to examine the development of health economics over time in low-and middle-income countries, its contributions to health policy and its limitations. The review ends by suggesting how health economics might be strengthened further in such countries.
The origins of modern health economics
Appropriately enough given this journal, health economists like to trace the origin of their discipline to William Petty FRS (1623-1687). Petty was an English economist, scientist and philosopher, and a founder member of the Royal Society. His work is noted by modern health economists for his approach to valuing human life based on a person's contribution to national production [3] . In 'Lessening ye Plagues of London' [4] , he showed that removing people from London during the plague was an excellent financial investment, returning £84 for every pound spent. Echoing much later analyses of the medical care market and the role of government, he also argued that all should have equal opportunity for medical care, and that there should be a state medical service of salaried doctors: 'it is not in the interests of the state to leave Phisitians and Patients (as now) to their own shifts ' ( p. 195) .
The focus on people as producers-now termed the human capital approach to valuing human lives-was also advanced by Edwin Chadwick, a Benthamite or Utilitarian who influenced public health legislation in the first half of the nineteenth century. He wrote that:
As the artist for his purpose views the human being as a subject for the cultivation of the beautiful-as the physiologist for the cultivation of his art views him solely as a material organism, so the economist for the advancement of his science may well treat the human being as simply an investment of capital, in productive force. [5, p. 504] He deployed this thinking to argue that prevention of disease could offer greater benefit than investing in hospitals to treat disease.
The early literature on the economics of health in low-and middle-income countries reflects this emphasis on the economic impact of disease, especially the literature on malaria. From the eighteenth century onwards, malaria was recognized in South and southeast Asia as a major hazard for travellers and expatriates. Landon [6] , an English writer and journalist, visited Nepal in 1928:
We are now in the twelve-mile-wide strip of raw forest, which has not unjustly earned for the Terai its famous reputation of being the unhealthiest region in all of Asia. But there is nothing to betray its evil nature unless, perhaps . . . the extra luxuriance of its vegetation suggests a warm marshy soil and therewith, to a modern mind, mosquitoes . . . . Throughout the hours of daylight the Terai is safe enough. It is the evening that man may not spend in this beautiful park. Sundown in the Terai has brought to an end more attempted raids into Nepal and buried more political hopes than will ever be known. The English learnt their lesson early . . . . The English had been told of its dangers but they had to learn from experience what all India had known and feared for centuries . . . Landon goes on to comment on its consequences for economic activity:
From Lady Day (March 25th) to Michaelmas (September 29th) there is nothing in this fever-haunted district of Hetaura but a few houses, deserted by all except a handful of carters and a native traveller or two . . . . But during the winter it is a wellpopulated centre from which diverge four or five of the main routes of South Nepal.
( pp. [176] [177] Similarly, Rickard Christophers FRS [7] , an officer in the Indian Medical Service, wrote that:
The autumn of 1908 in the Punjab was characterised by an epidemic of extraordinary severity. The effects of this epidemic were first prominently brought before the public by a sudden disorganisation of the train services due to 'fever' among the employees at the large railway station, Lahore . . . . At Amritsar . . . almost the entire population was prostrated and the ordinary business of the city disrupted. Later writers sought to quantify the economic cost, for example calculating the cost of treatment and days of work lost due to malaria [8] , and noting that the risk of malaria could inhibit the exploitation of fertile land [9] . Such evidence was deployed to help justify the malaria eradication efforts of the 1950s and 1960 s.
The modern era of health economics
The development of health economics as a discipline is usually credited to Nobel Laureate Ken Arrow [10] , who wrote a seminal paper distinguishing the medical care market from markets for other goods and services, identifying the reasons why private markets might not work well for either healthcare or the provision of health insurance. This seminal paper ushered in a more systematic approach to applying economics to the health sector as a whole-how it is financed, how services are and should be provided and by whom, and the role of government. The health economics literature on low-and middle-income countries began to grow in the 1970s, and has expanded since then in both depth and breadth (figure 1). Figure 1 categorizes the field into four broad topic areas: cost-benefit and cost-effectiveness analysis (extending the earlier work on the economic impact of disease to evaluating control options), financing healthcare, provision of healthcare and systems analysis. A characteristic of the literature is that unlike in high-income countries where the discipline of health economics within universities was stimulated by growing academic interest in the economics of public policy, increased national demand for health economists which stimulated new educational programmes, and increased research funding, in low-and middle-income countries the prime drivers for the expansion of health economics were users of health economic analysis at the global level, notably agencies such as the WHO and the multilateral and bilateral aid agencies. This has lent to the development of health economics an especially close link to policy trends in these agencies. A very selective overview of key developments in the literature is given below.
(a) The development of cost -benefit and cost-effectiveness analysis
Cost-benefit analysis developed originally as a systematic way of assessing the costs and benefits of investments in the public sector where a market test ( profitability) could rspb.royalsocietypublishing.org Proc. R. Soc. B 281: 20140451 not be applied. In the 1970s, it was a favoured tool for making an economic case for investing in disease control. However, the traditional approach to valuing benefits, the human capital approach referred to earlier, was increasingly recognized as a very partial measure of the value of life. Health is valued not just because it helps people be productive, an instrumental value, but also because it has intrinsic value, as part of general wellbeing. Cost-effectiveness analysis, where benefits are assessed in health terms only rather than in money terms as in cost-benefit analysis, became the preferred technique. The 1970s and 1980s onwards saw a rapid expansion of the literature on the cost-effectiveness of a variety of interventions, primarily those relating to infectious diseases, childhood illnesses and immunization [11] . For example, in order to help mobilize resources to support the revival of efforts in the late 1990s to control malaria, the WHO commissioned costeffectiveness studies of the main malaria control tools. These showed that both prevention (e.g. insecticide-treated mosquito nets) and treatment were similarly cost-effective to many of the other low-cost interventions to reduce child mortality [12] .
Because of the different measurement units for costs and effects, cost-effectiveness analysis can address only the relative cost-effectiveness of an intervention. It was therefore important to build up a database of studies conducted according to standard methods, so the cost-effectiveness of any new intervention could be compared against the cost-effectiveness of existing interventions. An important initiative was the Disease Control Priorities Project, which in 1993 published a book (DCP1) with chapters covering the major causes of disease in low-and middle-income countries, and providing information on disease burden and the cost-effectiveness of interventions [13] . This was followed in 2006 by DCP2 with an even more extensive set of analyses (summarized in [14] ), which is now being updated and extended for the third time (http://www. dcp-3.org (accessed 14 February 2014)).
Over the past 30 years, methods of cost-effectiveness analysis have gained in sophistication. Modelling methods are now extensively used both to allow for uncertainty in model parameters and to reflect variations in costs and effects in differing contexts. There have been developments in linking biological models of infectious diseases with models of treatment seeking behaviour and models which generate cost-effectiveness ratios. For example, figure 2 shows a set of models developed to address the question of when to change first-line drugs for malaria treatment, given the development of resistance, and especially to assess the value of introducing combination therapy for malaria [15, 16] . At the time, governments were reluctant to switch to combination therapy because of the added cost. The models made explicit the cost of failing first line drugs-increased cases and hence increased treatment costs, as well as the need to retreat treatment failures-and hence helped demonstrate the value of switching first line drugs sooner rather than later.
The main audience for much of this analysis has been multilateral and bilateral agencies, who draw on cost-effectiveness evidence to plan and justify their investments in low-and middle-income countries (in the Department for International Development, for example, economic evaluation principles are embedded in the business case required for any investment decision [17] ). A recent study of decision-making processes in relation to vaccines suggests that governments in low-and middle-income countries so far pay much less attention to cost-effectiveness evidence, with funding availability and political factors dominating decision-making [18] .
(b) Financing healthcare
During the late 1970s, an increasing number of studies sought to quantify sources of revenue for healthcare and patterns of expenditure [19] . It became evident that direct payments by households made a major contribution to health expenditure even in low-income countries, and that government spending for health was extremely limited.
This led to increased attention being paid to the appropriate role of government in financing healthcare, and the merits of alternative ways of raising revenue. By the early 1980s, the oil price crisis had severely affected government budgets in lowand middle-income countries. Moreover, prevailing economic orthodoxy-a shift away from a state-centric view of development, influenced attitudes towards public spending in general, and on health in particular. Following Arrow's seminal paper, a literature had developed in the USA and UK on the justification for government intervention in the health sector [20, 21] . On the one hand were those who followed the traditional economic argument that government intervention is justified only by the failure of private markets to operate efficiently. These failures imply that certain preventive and promotive services should be publicly financed, but that the bulk of curative services can be privately financed, given government regulation. On the other hand were those who argued that equity should receive equal weight to efficiency in social policy, and that social goals would best be achieved by substantial government intervention in the financing of healthcare. During the 1980s and 1990s, influential publications by the World Bank reflected the view that government intervention in the health sector should be quite limited [22] . Increased government funding for the health sector was not considered either desirable or feasible, and attention focused on the other two main traditional sources of revenue for the health sector: payments by users of government services, and health insurance. Both were considered to have the advantage that they encouraged the exercise of individual responsibility, making users think carefully about the value of using costly services and demand that providers be responsive to their needs.
Given that the policy question was the willingness of individuals and households either to pay for healthcare, or to pay insurance premia, studies were undertaken on demand for healthcare, applying standard methods from economics to identify price elasticities. Initial studies suggested that demand was relatively insensitive to price [23, 24] , justifying a policy of user fees. However a later study, which allowed price elasticity to differ by income group, found that poorer groups were, not surprisingly, more sensitive to price than richer groups [25] .
This finding, plus accumulating evidence that the fee exemptions recommended for the poor were ineffective in practice [26] , shifted policy attention to insurance. While there was some exploration of scope for the sort of social insurance arrangements found in the developed world, their application would be limited to the formal sector of employment, very much a minority of the labour force. Hence attention focused rather on community-based health insurance, where communities come together to manage collectively a pre-payment system [27] . As with user fees, studies of willingness-to-pay suggested that households would indeed be willing to pay health insurance premia [28] . However, with very few exceptions schemes have remained small and poor design and management were perennial problems [29] .
Most recently, the debate on financing the health sector has moved from issues of specific sources of finance, like user fees or insurance, to drawing on multiple sources of finance to ensure universal coverage of healthcare for an entire population [30] . Since the 1980s, there has been a growing volume of studies on the consequences for households of paying outof-pocket for healthcare. These have shown, for example, that households who need to pay for hospitalization or for continuing chronic care may go into debt, sell land or other assets, or cut down on food [31] . This evidence has helped put universal coverage on the global policy agenda.
(c) Healthcare provision
Systematic study of the production of health services in low-and middle-income countries first began in the 1980s, in part initially to supply the necessary cost information for cost-effectiveness studies. In the 1990s in the rich world, the approach known as new public management began to influence the provision of public services [32] . Summarized by Kaul as 'government moves from a concern to do towards a concern to ensure that things are done' [33, p. 14] , proponents argued that the state should be involved in policy, purchasing, and regulation, but not necessarily provision of services. And where the state was involved in provision, there should be a more market-oriented approach to provision of public services, for example giving patients choice of service provider, charging fees, and awarding rspb.royalsocietypublishing.org Proc. R. Soc. B 281: 20140451 explicit contracts for service provision through competitive tendering among both public and private providers.
Again, these shifts in the prevailing orthodoxy in high-income countries had their influence on low-and middle-income countries via the advice given by the aid machinery. Governments were recommended to distinguish 'purchasers' and 'providers' within their health sector, and to introduce formal agreements with funding provided in return for explicit standards of performance [34] . At their most elaborate, such reforms created an 'internal market' within the public sector, as was implemented in the UK. Although the introduction of a formal separation between purchaser and providers was described in many countries, very few good quality evaluations were done, so it is impossible to say whether such reforms have benefited the quality or efficiency of service provision [35] .
New public management ideas stimulated interest in private providers. The assumption tended to be that public was likely to be inefficient, and private more efficient, because of the effect of market discipline on cost control and responsiveness to users. A number of studies explored the relative efficiency of publicly and privately run facilities, finding that it is not possible to state definitively which type of provider is more efficient [36] . Both government and private sectors can supply services of poor technical quality, though private services tend to be more responsive to patient preferences. Great variation in quality and cost is found within both sectors, but especially within the private sector which can range from small informal and untrained providers through to sophisticated hospitals in the capital city [37] .
Further study has focused on whether there are ways in which governments can use the quite substantial resources in many private health sectors. Arrangements studied include using public funds to purchase services from private providers; bringing in private sector firms to manage public hospitals; using franchising to increase demand for private sector services such as contraception; and training drug sellers to provide more appropriate treatment. Evidence indicates that some of these arrangements can work quite well: for example training drug sellers to provide antimalarials, and franchising clearly defined services [38] . Contracts with non-governmental health providers have also been shown to work quite effectively [39] . Contracting with for-profit providers has been less studied, though experience in South Africa suggests that such contracts demand effective public sector management capacity, which may not be available [40] .
A recent innovation has been to transfer performance incentives down to the level of individual health facilities or health workers, through the so-called pay-for-performance arrangements [41] . Economists have been active in encouraging and evaluating such reforms through experimental and quasi-experimental methods [42] . These arrangements have indeed been shown to encourage provision of incentivized services [43] , but the same review also found they risk diverting attention away from services left out of the prioritized package.
There remains concern about the use of such highpowered incentives in public services where the quality of the interaction between patient and provider is key, and where it can be argued that money should not be an influencing factor at the level of the individual patient-provider interaction, whether in terms of influencing whether the patient seeks care, or the health worker or health facility provides it.
(d) Systems analysis
Analysing individual elements of a health system provides important information for policy, but given the complexity of health systems, it is also important to study the system as a whole and identify what features might be associated with better or worse functioning. Methods to do this are still in their infancy. They range from cross-country analysis of expenditure and health outcomes data, to try and identify whether some countries are better than others at covering spending into health gains [44] , to in-depth historical and qualitative studies of how country health systems have evolved over time and what policies seem to be associated with health gains [45] .
In the developing world, some landmark studies mark the evolution of analysis at the systems level. In 1993, the World Bank published a World Development Report (WDR 93) which focused on health [46] . This was the first to use analysis of the burden of disease (expressed in Disability Adjusted Life Years or DALYs) and cost-effectiveness of interventions, to propose packages of public health and essential clinical services which country health systems should prioritize. In 2000, the controversial World Health Report (WHR) sought to rank country's health systems in terms of their performance [47] . It struggled with distinguishing the contribution of the health system to improved health, as opposed to the influence of other health determinants such education and diet. In 2001, the WHO Commission on Macroeconomics and Health (CMH) sought to make the case that the line of causality from improved population health to improved economic growth was more important than the line from economic growth to improved population health. It analysed the case for spending far more on health in the developing world, quantified the financial needs and argued that greatly increased funding could be used effectively [48] .
Work has continued on studying health systems as a whole, but with greatest focus on the financing issues raised by the goal of universal coverage and less attention paid to other aspects of health systems and especially the influence on systems performance of how services are provided and managed.
The corpus of knowledge
The past 30 years have certainly seen a considerable growth in the health economics literature. Figures 3 and 4 show that coverage of the countries of the world has improved markedly. But there are still many countries in the developing world where health economic analysis is absent. Moreover, research capacity is still quite weak. Capacity for health economics research has not been well documented, but evidence for the related field of health policy and systems research (within which most health economics research fits) shows that only 24% of researchers in health systems research institutions in low-income countries have PhDs (36% in middle-income countries); only 63% of low-income country researchers have access to peerreviewed journals (89% in middle-income countries); and that international funding dominates national funding (88% of research funding is external in low-income countries; 66% in middle-income countries) [50] .
Does this lack of capacity in low-and middle-income countries matter? Newhouse [51] argued that: '. . .theories and models are typically sufficiently general that they will rspb.royalsocietypublishing.org Proc. R. Soc. B 281: 20140451 apply to many institutional contexts' and 'the same issues are found to a greater or lesser extent in every medical care financing and delivery system' ( p. 6). On this basis, it could be argued that the developing world can draw its evidence from the richer countries of the world where the body of knowledge in health economics has been rapidly increasing.
This view underestimates the extent to which health economics reflects the context in which it is being developed and applied. There are at least four characteristics of the developing world that mean that health economics theories and policy recommendations cannot necessarily be easily transferred across settings [52] .
The first is their economic structure. Severe poverty affects not just household ability to pay for care but also government ability to collectively finance access to healthcare. It was recently estimated that even a basic package of preventive and curative care, plus the necessary systems support, would cost around $50 per capita (as compared to the $31 currently spent, of which only $12 is by government) [53] . All countries face difficulties in affording healthcare, but those faced by the developing world are of a different order of magnitude. The large informal element of the labour force makes it difficult to levy both payroll and income taxes, as well as easily target public subsidies to poorer households. Low country income means that wages are low, and hence retaining health professionals is difficult in the face of high demand from richer countries. The often extreme income inequality within countries means that the wealthy can purchase their own healthcare in the private sector, which attracts health professionals away from the public sector; and the greater the development of the private sector, the more difficult (both politically and financially) it becomes to put in place universal arrangements that pool resources for the benefit of the whole population.
The second is the strength of political and social institutions such as the institutions of democracy and representation, of civil society, and of professional groupings. In the rich world, these go largely unnoticed, but they underpin the performance of health systems. For example, the professional ethos of the medical profession affects how doctors respond to different methods of payment. Capitation (a fixed payment per period of time) carries the risk that volume of care may be minimized, but this has not been a major concern in the UK where traditionally this has been the main way of paying general practitioners. In Thailand, by contrast, capitation payment has aroused considerable concerns about under-provision [54] . A second example is that the governance structure of hospitals affects how they respond to being given greater management autonomy: in parts of the developing world increased autonomy given to encourage efficiency has in fact led to hospitals maximizing income by levying fees on the most profitable services [55] . Where representation of the public interest is missing on hospital governance structures or in the wider community, hospitals may face few constraints on income-maximizing behaviour. Schick [56] summed up the problem of applying developed country public management reforms to countries with much weaker institutions: 'it would be foolhardy to entrust public managers with complete freedom over resources when they have not yet internalised the habit of spending money according to prescribed rules' (p. 127). The third characteristic is weak management capacity in the public sector. In part this reflects limited numbers and training, but more broadly this concerns the management systems that are used to raise revenue, make and implement policy, and deliver services. For example, social health insurance commonly fails to enrol all employers who qualify: in Colombia, for example, revenue lost through evasion was equivalent to 2.75% of gross domestic product [57] . There are numerous examples of policies that fail to be effectively implemented because the ability is lacking to translate policy change at national level into change on the ground [58] .
A final characteristic, in low-income countries, is the influence of agencies external to countries. In 2011, 37% of health expenditure in such countries came from external assistance [59] . While providing an important supplement to domestic resources, such external flows bring with them some major complications. For example they are often not predictable, but vary greatly from year to year. External assistance is also fragmented: Vietnam in 2002 had 25 bilateral donors, 19 multilateral donors and around 350 non-governmental organizations providing support through around 8000 projects, one per 9000 people [60] , bringing high costs of coordination and reporting. Despite lip service to the importance of 'country ownership' of decision-making, in practice donor preferences strongly dictate funding flows. For example, there has been far greater funding in recent years to specific disease programmes than to the broader health system which is needed to underpin healthcare delivery [61] , in large part because of donor desires to identify direct health benefits from their funding.
Finally, another strong reason why the development of health economics within the developing world is important is to ensure a close connection with local decision makers. Evidence on the influence of research on policy suggests that close connections between researchers and research users are necessary [62] . Such connections are most likely to develop when research is done within the country setting, rather than in some distant country.
But there are grounds to be optimistic. Those health economists working in or on low-and middle-income countries have responded to the specific country circumstances by rethinking and innovating on methods, prioritizing questions important in the local context, and developing multidisciplinary approaches to studying complex questions. Table 1 lists some of these innovations in relation to the characteristics identified above. For example, a substantial body of literature has developed on measuring payments for healthcare that may have a catastrophic impact on household welfare [63] , and studying how households cope with such payments and with what consequences [64] . Studies on health worker incentives to work in rural areas have shown, for example, that those nurses in South Africa who are more altruistic [65] are more likely to be located in a rural area [66] . Methods have been developed to study the informal health markets prevalent in much of the developing world, such as sales by unlicensed drug sellers that supply a significant share of the malaria drug sales in Africa [67] . Theories from disciplines such as political science and public administration have been drawn on to explore government capacity and its implications for ability to implement reforms [36] .
(a) Future developments
The past 40 years have seen the discipline of health economics grow in its ability to provide useful information for policy. But it has not been a neutral tool. Policy prescriptions are often underpinned by ideological positions-for example that government intervention in private markets should be minimized (or vice versa), or at the least reflect the values of their proponents. This is inevitable-economics is concerned not just with describing what is, but also with suggesting what should be. Values inevitably enter into policy prescriptions; what matters is that they be made explicit.
Given the influence of values, it is unfortunate that so much of the health economics research in the developing world has been driven by the policy interests of agencies external to those countries, and that those tend to reflect policy trends in the rich world. It is also unfortunate that most research funding has been directed to specific studies, rather than to building up the capacity of universities and research institutes to provide sources of expertise and training over the longer term.
Governments in low-and middle-income countries need to seize greater ownership of the research agenda, but this will demand not just that they increase their ability to act as informed commissioners of research, but also that they begin to finance their own research programmes. There are some promising signs; for example, Thailand and more recently Kenya have created national research funds. As countries grow richer, it will be important to ensure that part of the fruits of growth are invested in domestic capacity to provide informed input into health systems development.
